objective To determine the causes, patterns and trends of respiratory diseases-related deaths in hospitals of Tanzania 2006Tanzania -2015 methods Retrospective study involving 39 hospitals. Medical records of patients who died in hospital were retrieved, reviewed and analysed. Sources of data were hospital admission registers, death registers and International Classification of Diseases report forms. Information on demographic characteristics, date of death, the immediate underlying cause of death and co-morbid conditions was collected.
Introduction
Respiratory diseases are among the major causes of morbidity and mortality worldwide including Sub-Saharan Africa [1] [2] [3] [4] . The Global Burden of Disease Group has estimated that lower respiratory tract infections alone causes 2.74 million deaths and 103.0 million disability adjusted life years (DALYs); mostly affecting children younger than 5 years [5] . Asthma, chronic obstructive pulmonary disease (COPD), acute respiratory infections, tuberculosis and lung cancer are the most important conditions that primarily contribute to the global burden of respiratory diseases [3, [5] [6] [7] [8] .
The global prediction indicates that by 2020 respiratory diseases will account for a large majority of deaths and a considerable burden of DALYs in low-and middle income countries [9] . The majority of respiratory tract infections are caused by viruses followed by bacteria infections [10] . Bacterial-viral co-infections occur in about one-third of cases [11, 12] .
Despite the importance in morbidity and mortality, data on causes and patterns of death due to respiratory diseases are scarce in most low-and middle-income countries [13] . There are few studies on the mortality pattern of respiratory diseases in sub-Saharan Africa and fewer still from Tanzania. In Tanzania, the few studies have focused mainly on pneumonia [14] [15] [16] [17] , tuberculosis [18] [19] [20] and influenza-like illnesses [21] . Moreover, most of these studies were focusing on the prevalence of the infections. Specific data on burden and trends for respiratory disease-associated mortality are needed for evidence-based planning and policy. The objective of this study was to determine the patterns and causes of respiratory-related deaths in hospitals of Tanzania during 2006-2015.
Methods

Study area
This retrospective study involved government funded hospitals in Tanzania. The health care in Tanzania is categorised into five levels: Level 1: Primary (dispensary and health centre); Level 2: First level -district hospital; Level 3: Regional Referral hospitals; Level 4: Zonal Referral hospitals; and Level 5: National Hospitals. A multistage sampling technique was employed to select hospitals from regions and districts. The selected hospitals included the national hospital, all specialised, zonal referral and regional hospitals and district hospitals. The national, zonal referral and regional hospitals were purposely included in the study. Based on the population size, the country was divided into three main strata, namely regions with high population density (Dar es Salaam, Mwanza and Mbeya), with medium (Kagera, Tabora, Morogoro, Kigoma, Dodoma and Tanga) and low population density (Katavi, Njombe, Lindi and Iringa). In the densely populated stratum, three hospitals were selected from each region; in the medium stratum, two hospitals were selected from each region and in the lowly population density stratum, one hospital was selected from each region. In regions where the national or tertiary hospital was included, the regional hospital was excluded. In addition, 10% of the district hospitals were included in the study.
Data collection
Data were collected between June and October 2016 using customised paper forms. Sources of data included death registers, inpatient registers and International Classification of Diseases (ICD-10) report forms. The deceased's age, sex, cause and date of death were recorded, and all deaths that occurred in the selected hospitals and recorded were noted. The data used for analysis in this study included all records reporting a respiratory disease as the underlying cause of death (UCoD) for the event. In a case where multiple causes were reported with no indication of the UCoD, study physicians, who received training on standard coding of diseases prior to study implementation, used the Startup Mortality List (ICD-10-SMoL) selection rules to establish the UCoD that is compatible with ICD for each event. Any other cause reported with the UCoD was treated as a co-morbid.
Statistical analysis
Data were entered into a database developed in EpiData Software (version 3.1, EpiData Association, Odense, Denmark). Data entry quality control and edit check was done by taking a percentage of entered data and compared to original data and cleaning up the data by identifying discrepancies. The cleaned dataset was migrated to STATA version 13 (Stata Corporation College Station, TX, USA).
Data were summarised using descriptive statistics and graphical summary, in which continuous variables were summarised into mean and standard deviation or median and interquartile range (IQR) and the Mann-Whitney U test was used to compare the populations' median. The categorical variables were summarised into proportions and chi-square test was used to compare proportions of different causes of respiratory deaths between sex, age categories and other selected covariates. P-value was considered statistically significant when it was ≤0.05. Agestandardised mortality rates per 100 000 for each respiratory disease were calculated using direct method for each year from 2006 to 2015 by using the 2012 Population and Housing Census [22] as a reference. Data were split into 5-year age and sex groups for each year from 2006 to 2015. 
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Results
Demographic characteristics and distribution
A total of 247 976 deaths were reported during the 10-year period. Respiratory diseases accounted for 12.92% (n = 32 042), and males accounted for 55.9%. Overall median age at death was 31 years with an interquartile range (IQR) of 1-47. Median age at death was higher among males (35 years) than females (28 years; P < 0.0001). Most deaths (37.8%) due to respiratory diseases occurred in hospitals of the eastern zone, followed by Lake Victoria zone (18.5%) and northern zone (12.9%). Most deaths (61.1%) occurred during the second 5 years of the analysis (2011-2015; Table 1 ).
About one-third (31.3%) of all of the respiratory mortality was reported in under-five children. Respiratory mortality was higher among girls than boys (34.3% vs.
28.9%, v 2 = 10.3, P < 0.0001). Furthermore, females from age group 15-19 years to 25-29 years had higher age standardised mortality rates per 100 000 due respiratory diseases than males. However, from age group 30-34 and older, more males than females died from respiratory diseases (Figure 1 ).
Trends in mortality rates
Age-standardised mortality rates of all respiratory diseases, tuberculosis and pneumonia are summarised in Figure 2 . The overall age-standardised respiratory diseases mortality rate population was 87.0 per 100 000. Agestandardised mortality was 33.01 per 100 000 due to tuberculosis and 35.4 per 100 000 for pneumonia. An increasing trend on age-standardised mortality rates was observed from 2.9 per 100 000 in 2006 to 4.1 per 100 000 in 2015 for tuberculosis and from 2.2 per 100 000 in 2006 to 5.1 per 100 000 in 2015 for pneumonia. Although mortality rates due to tuberculosis were higher than those due to pneumonia from 2006 to 2009, the vice versa was observed from 2010 to 2015. The agestandardised mortality rates of tuberculosis appeared to stabilise from 2013 to 2016. The age-standardised mortality rate due to pneumonia was highest (11.5 per 100 000) among children under five, it declined in age group 5-9 years and started rising again from 25 to 29 years. Age-standardised mortality rates for tuberculosis were high among those aged 35-49 years, while for pneumocystis pneumonia (PCP), the rates were higher among those in the age category of 30-49 years (Figure 3 ).
There was a decline in the proportion of deaths due to PCP from 9. 
Specific causes of death and co-morbidities
Pneumonia (n = 16 639; 51.9%), pulmonary tuberculosis (n = 9687; 30.2%) pneumocystis pneumonia (n = 2698; 8.4%) accounted for the majority of deaths due to respiratory diseases ( Figure 4 ). Significantly more females (n = 7665; 54.5%) than males died from pneumonia (n = 8878; 49.8%; v 2 = 8.5, P < 0.0001). Similarly, PCP killed more females (n = 1486; 10.6%) than males (n = 1201; 6.7%; v 2 = 101.8, P < 0.0001). In contrast, significantly more males (n = 6024; 34%) than females (n = 3596; 26%; v 2 = 15.5, P < 0.0001) died of tuberculosis.
Deaths due to lung cancer were slightly more common among females (n = 242; 1.4%) than males (n = 172; 1.2%) though this was not statistically significant (P = 0.90). Co-morbid conditions contributed to 9.1% (2871/ 31 628) of all deaths due to respiratory diseases. The most common co-morbid condition was HIV which accounted for 1735 (60.4%). A total of 1670 PCP and 13 TB cases, had HIV as co-morbidity. HIV co-morbid conditions were more common among males (60.8%; n = 957) than females (59.7%; n = 764). Other important co-morbid conditions were anaemia with 183 cases (6.4%) and congestive cardiac failure (CCF) with 178 cases (6.2%; Table 2 ). 
Distribution of deaths by geographical zone
Deaths due to pneumonia were most common in the south-west highlands (59.9%), eastern (58.1%), western (55.2%) and Lake Victoria zones (54.4%). Tuberculosis was the leading cause of death in the northern zone; and it was second leading cause of deaths in all other zones ( Figure 5 ). Deaths due to acute upper respiratory infections were most frequent in western and southern zones. PCP-associated deaths were most frequent in southern, northern and eastern highland zones. Other respiratory diseases including Chronic Lower Respiratory diseases, disease of the pleurae, pulmonary oedema and suppurative and necrotic conditions, were almost equally distributed across the country.
Discussion
This 10-year retrospective analysis of respiratory diseaserelated mortality in hospitals of Tanzania found that respiratory diseases contributed to 12.9% of all in-hospital deaths. This figure is slightly higher than that reported in Nigeria [23, 24] . A significant annual increase of mortality rates due to these diseases was observed. Pneumonia and tuberculosis carried the most weight of the observed pattern. The results indicate marked geographical variations in number of deaths caused by pneumonia and asthma. Studies have shown that lower respiratory infections and pneumonia are among the leading causes of death especially in under-fives [25] . In this study, young adults accounted for the majority of deaths due to respiratory diseases; and females died at younger mean age than males. In a study in a tertiary hospital in Nigeria, respiratory diseases were predominant in the 25-44 year age bracket and among women [23] . In a recent analysis involving 23 countries in Africa, in-hospital respiratory mortality was reported to occur predominantly in very young individuals and those 18-49 years old [13] . Similar to our findings, the peak mortality rate for men was reported to be higher than that of women in Ghana [24] . Unlike in our study where peak of death due to respiratory diseases was 31 years, in Ghana, respiratory diseases kill at the lowest rate at age 15-19 years [24] . The sex distribution in our study was similar to that observed in Brazil, India and Saudi Arabia [26] [27] [28] in which deaths due to respiratory diseases were more common among men. In a recent study in north-western Tanzania, the risk factors of inpatient death associated with respiratory diseases were sex of the child and maternal education attainment [17] . Though studies in Tanzania have shown that female children have increased odds of in-patient case fatality than their male counterparts [17] , a community-based survey in Uganda reported females under the age of 5 years as having an advantage of survival over males [29] . A study in southern-eastern Nigeria showed that tuberculosis and pneumonia were more common within the 30-44 years age bracket [24] . Unlike in our study, asthma has been reported as a common cause of death among the 45-64 years age bracket followed by the 15-29 and 30-44 years age bracket [24] .
Pneumonia and tuberculosis were the leading causes of respiratory mortality and accounted for more than threequarters of all reported deaths. In a similar study in Nigeria, pulmonary TB was the leading cause of mortality, followed by pleural disease, pneumonia and chronic obstructive pulmonary disease [23] . Studies elsewhere have shown that pulmonary TB followed by pneumonia to be the leading cause of hospitalization for respiratory disease in Congo, Brazil and Hong Kong [26, 29, 30] . Other studies have identified five conditions that primarily contribute to the global burden of respiratory diseases: asthma, chronic obstructive pulmonary disease, acute respiratory infections, tuberculosis and lung cancer [7] . The majority of patients with COPD in sub-Saharan Africa including Tanzania are misdiagnosed or misclassified due to lack of awareness, inadequate knowledge on the pathogenesis of the disease and inadequate capacity for its management [31, 32] . While higher prevalence of COPD affect the elderly, over three-quarters of pneumonia mortality occurs within the first 2 years of life [33] .
Mortality due to tuberculosis was statistically higher among males than females. Similar observations have been reported in South Africa [34] . Unlike in the present study, where more females died of pneumonia and PCP, in Nigeria, pulmonary TB, asthma, pneumonia and pleural pathologies were more common among women [23] . It has been reported that in most low income countries there are twice as many cases of TB reported among men than among women [35, 36] . The difference is mostly attributed to biological and epidemiological characteristics as well as socio-economic and cultural factors. While deaths related to pulmonary tuberculosis were most common among those in the age group 25-54 years, those related to pneumonia were most common among the under 5 years children, similar to the global picture [37] . Globally, pneumonia has been reported as the leading cause of death in children aged under 5 years and contributing to 14% of total child deaths in 2013 [6, 33, 38] . Chronic lower respiratory infections were most common among those in the older age groups. Similarly, individuals aged 60 years and above accounted for the majority of deaths due to asthma. Overall, the findings of this study indicate that there has been an increasing trend in the number of deaths due to respiratory diseases over the 10 year period under review. However, recent global statistics [5] indicate a decreasing burden of lower respiratory infections in children younger than 5 years but an increase pattern in the adults. This study has shown that age-standardised mortality rates of tuberculosis seems to stabilise from 2013 to 2016.
Co-morbidities were common among individuals who died of respiratory diseases. The most frequent co-morbid conditions were HIV/AIDS, anaemia and CCF. Studies in Nigeria have identified HIV/AIDS, hypertension, diabetes and heart failure as the most frequent co-morbidities in respiratory disease associated deaths [23, 24] . HIV/AIDS has been described to have a strong association with tuberculosis both in Tanzania and elsewhere [39] [40] [41] [42] . Although in this study we could not identify cases of diabetes co-morbidity with respiratory diseases, studies in north-western Tanzania [43, 44] and elsewhere in lowincome countries [45] have reported diabetes may worsen manifestations and outcome of TB. In a study in Dublin, Ireland, 60% of individuals with chronic respiratory diseases had one or more co-existing chronic condition(s) [46] and that increasing age and low socio-economic status were significantly associated with multimorbidity.
The study findings clearly demonstrate geographic heterogeneity of hospital death rates for respiratory diseases in Tanzania. The variation observed are likely to be associated with environmental/disease risk, socio-economic and availability of medical care services factors [47] . Risk factors for disease incidence and limitations on access to care are both related to socio-economic status [48] [49] [50] [51] [52] . The observed geographical variation of causes of deaths also demonstrates a marked inequity in services that must be addressed by the respective hospital management. The finding that tuberculosis was the leading cause of death in the northern zone is likely attributable to the fact that most of the deaths were reported from the TB reference hospital located there.
Despite the recording of respiratory diseases as cause of deaths in this study, aetiological agents other than Mycobacterium tuberculosis were not established. Both bacteria and viruses cause respiratory infections in Tanzania. Streptococcus pneumonia, Haemophilus influenza type b (Hib) and Staphylococcus aureus are the bacteria more frequently isolated among patients of respiratory infections in Tanzania [16, 17, 53] . The most frequently isolated viral agents of respiratory infections in Tanzania include Respiratory Syncytial Virus, Influenza A and Human Rhinovirus [21, 54] . Moreover, current evidence suggests that multiple pathogens such as bacterial-viral, dual viral or mycobacterial bacterial infections are responsible for most severe pneumonia [55, 56] . It is important that laboratory capacity is strengthened to identify the causative agents of respiratory diseases in the country.
There are several limitations of this study. First of all this was a retrospective study and we encountered some poor and incomplete record keeping in some hospitals. The fact that there is minimal use of ICD in coding of causes of death is likely to have affected the quality of data used in this analysis. Moreover, the study did not take account of deaths that occurred outside the hospital (in the community) and those reported in private hospitals. Despite these limitations, we were able to draw some important conclusions on respiratory disease mortality in Tanzania.
Conclusion
This study has highlighted the high burden of respiratory diseases-associated mortality in hospitals of Tanzania. Since most respiratory diseases are avoidable, public health measures to increase awareness, education and strengthen health service delivery capacity are urgently needed. It is equally important that studies on risk factor exposure are conducted to provide information for design and implementation of appropriate effective programmes and policies to reduce the burden of respiratory diseases in Tanzania.
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